Using 15 years worth of additional data, a study is carried out to explore the extent to which the results in Rothman (1991) still hold. Using raw unfiltered data, the aggregate unemployment rate appears to be a Neftci-type symmetric process. But use of two detrending procedures produces strong evidence in favor of asymmetry for this series. The most robust result is that the manufacturing sector unemployment rate is strongly asymmetric across use of both the unfiltered and detrended data. The analysis also shows that reliance on the asymptotic distribution of the underlying test statistics can often lead to spurious inference.
Introduction
Building upon the claim made by Mitchell (1927) , Keynes (1936) , Hicks (1950) , and others, that key economic time series display asymmetric dynamics across phases of the business cycle, Neftci (1984) opened the modern literature on business cycle asymmetry. Applying the statistical theory of finite-state Markov chains, he developed a test of the asymmetry hypothesis which focuses on the difference between two estimated transition probabilities of interest. The idea upon which the test is based is that, if, as has been suggested, contractions for an assumed stationary pro-cyclical series are steeper than expansions, then runs of increases in the series will be longer than runs of decreases.
Using his Markov chain test, Neftci produced evidence in favor of such asymmetries for several measures of the quarterly U.S. unemployment rate. Following a taxonomy due to Sichel (1993) , these results imply that the U.S. unemployment rate displays "steepness business cycle asymmetry.
1 One of the primary time series modeling implications of such behavior is that it is inconsistent with a linear data generating process with symmetrically distributed innovations.
Neftci's paper has been highly influential. Hamilton (1989, p. 359) , for example, argued that the Markov-switching model he introduced, a model which subsequently became and continues to be a very popular tool in economic and financial time series analysis, is a natural generalization of Neftci's framework. A useful survey of many important developments in the business cycle asymmetry literature can be found in Clements and Krolzig (2003) .
2 Also, specification details on a large set of models considered by researchers attempting to characterize cyclical asymmetry are available in Galvão (2002) .
Many papers cite Neftci (1984) as a source for results showing that the U.S. business cycle is asymmetric. Such references, however, arguably should be qualified in the following sense: Neftci's results are most likely wrong. In particular, Sichel (1989) identified a probable error in Neftci's maximum likelihood calculations, and he also showed that conditional on this error being corrected, the statistical significance of Neftci-type asymmetry for the U.S.
unemployment rate is seriously weakened.
3 This finding, along with results reported by Falk (1986) , suggested there was no strong evidence in favor of steepness asymmetry for the U.S.
business cycle using Neftci's procedure.
In his analysis of unemployment rates, Neftci characterized asymmetry with respect to transition probabilities on the signs of first differences, i.e., a series is "symmetric if the transition probability of a positive first difference given two preceding positive first differences is the same as the corresponding probabilities for negative first differences. Falk (1986) and Sichel (1989) followed Neftci in assuming that the state-indicator sequence associated with the series of first differences is a second-order Markov process. Rothman (1991) , however, tested this assumption and found that for the aggregate U.S. quarterly unemployment rate, as well as for most of the sectoral U.S. unemployment rates examined, the null hypothesis that the underlying state-indicator sequence is a first-order Markov process could not be rejected at conventional significance levels. Using a first-order specification, he then showed that the aggregate U.S. unemployment rate is asymmetric in the Neftci sense. In light of Sichel's (1989) study, Rothman was the first in the literature to correctly establish such asymmetry in the U.S. unemployment rate. In addition, he also presented results which suggested that the apparent aggregate unemployment rate asymmetry stemmed from such 3 A search of the Social Sciences Citation Index done on June 3, 2003, suggests that many of the authors who cite Neftci (1984) may be unfamiliar with Sichel's (1989) work. More specifically, this search found that Neftci's and Sichel's articles had been cited, respectively, 171 and 35 times to date; all but 11 of the citations for Neftci's paper appeared after 1988. A recent important paper which cites Neftci (1984) as a reference for steepness-type asymmetry in the U.S. unemployment rate but does not discuss Sichel (1989) is Kim and Piger (2002). behavior in the manufacturing sector.
The sample period used in Rothman (1991) ran from the first quarter in 1948 to the third quarter of 1987. Thus, data for roughly 15 additional years beyond that sample are currently available. Accordingly, one of the goals of this paper is to explore whether the results of Rothman (1991) still hold. It turns out that the answer to this question is mixed.
In their hypothesis testing, Neftci (1984) , Falk (1986) , Sichel (1989) , and Rothman (1991) all relied on the asymptotic distribution of the relevant likelihood ratio test statistics. As such, another aim of this paper is to investigate whether this practice is reasonable. To do so, p-values for the likelihood ratio tests were estimated by Monte Carlo simulation. Two sets of such simulations were run, one with no structural breaks in the data generating process (DGP) and another with a one-time structural break in the DGP. Comparison of the asymptotic and estimated p-values suggests that testing carried out based on the asymptotic distribution may often lead to spurious inference.
Given the apparent change in the probability structure of the state indicator sequence for changes in the aggregate unemployment rate, an investigation is then carried out with expanding windows of data in an attempt to date the shift away from first-order Markov process dynamics. On the basis of both the asymptotic and estimated sampling distributions, the results strongly support the second-order over the first-order Markov process specification since the very early 1990s. Interestingly, these results also suggest a possible error in Rothman (1991) . A check with "real-time data, however, shows that this discrepancy actually reflects revisions the data subsequently underwent.
Finally, in addition to analyzing unfiltered raw unemployment data, this paper also examines several variants of detrended data. Neftci (1984) , Sichel (1989), and Rothman (1991) each assumed that the unemployment rate series analyzed were stationary, and thus only worked with unfiltered data. Use of the detrended data provides a helpful assessment of the extent to which the results obtained with the raw data may reflect certain forms of neglected nonstationarity.
The paper proceeds as follows. In Section 2 the testing framework is discussed, and the empirical results are presented in Section 3. Section 4 concludes.
The Markov Chain Tests
Let {X t } be a stationary time series and define the associated state-indicator sequence {I t } by
Assume {I t } is stationary. Further, assuming that {I t } is a first-order Markov process and ignoring the initial state probability, the approximate log-likelihood function corresponding to a given realization S T of {I t } is L(S T , p 11 , p 00 ) = n 11 · log(p 11 ) + n 01 · log(1 − p 11 ) + n 00 · log(p 00 ) + n 10 · log(1 − p 00 ),
where p ij = Prob(I t = i|I t−1 = j), n ij = the number of occurrences of (I t = i|I t−1 = j), i = 1, 0, j = 1, 0, and t = 2, . . . , T .
Under the assumption that {I t } is a second-order Markov process and once again ignoring the initial state probability, the approximate log-likelihood function corresponding to a given
where p ijk = Prob(I t = i|I t−1 = j, I t−2 = k), n ijk = the number of occurrences of (I t = i|I t−1 = j, I t−2 = k), i = 1, 0, j = 1, 0, k = 1, 0, and t = 3, . . . , T .
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For the first-order specification, the approximate likelihood estimators of the transition probabilities are
and for the second-order specification they are given by
Neftci (1984), Falk (1986) , Sichel (1989), and McNevin and Neftci (1992) all assumed that {I t } is a second-order process. Rothman (1991) decided to test this assumption and, for most of the unemployment rate series he examined, could not reject the null hypothesis of a first-order specification. To construct the log-likelihood ratio statistic for testing the order of the state-indicator Markov process, the maximized value of (2) obtained using the estimators in (4) is subtracted from the maximized value of (3) obtained using the estimators in (5), and this difference is multiplied by -2. Under the first-order null hypothesis, this test statistic is asymptotically distributed as chi-square with two degrees of freedom; see Anderson and Goodman (1957, p. 100) .
If {X t } is symmetric in the sense of Neftci (1984) , p 00 = p 11 in the first-order case and p 000 = p 111 in the second-order case. On the other hand, if {X t } is a counter-cyclical series which displays steepness business cycle asymmetry, p 00 > p 11 in the first-order case and p 000 > p 111 in the second-order case. Thus, for a counter-cyclical series such as the unemployment rate, the null and alternative hypotheses for testing Neftci-type business cycle steepness asymmetry are 4 By way of the assumption, in both the first-order and second-order cases, that the initial conditions are asymptotically irrelevant, the calculations needed to obtain the maximum likelihood estimates of the relevant transition probabilities are simplified considerably. Also, in his second-order analysis, Falk (1986) found that the point estimates yielded by both the exact and approximate likelihood approaches were approximately the same.
in the first-order case, and
in the second-order case.
To test the symmetry null hypothesis in the first-and second-order cases, the loglikelihood functions (2) and (3) are maximized twice: under the respective alternative hypotheses (an unconstrained maximization problem) and again subject to the constraint given by the corresponding null hypotheses. The associated log-likelihood ratio statistics are asymptotically distributed as chi-square with one degree of freedom; see Anderson and Goodman (1957, p. 97) .
In testing the business cycle symmetry null hypothesis, Neftci (1984) , Falk (1986 ), Sichel (1989 , Rothman (1991), and McNevin and Neftci (1992) all based their inference on the asymptotic distribution of the underlying test statistics. It is useful, however, to consider whether it is valid to do so. For example, in their simulation study on estimating the order of a Markov chain process, Guthrie and Youssef (1970) reported results consistent with the asymptotic distribution only for very large sample sizes; use of the asymptotic distribution often led to positive bias in determining the order of the process.
Consequently, in this paper estimated p-values for all likelihood ratio tests are supplied.
These estimated p-values were produced by Monte Carlo simulations in which the DGP was a Gaussian autoregressive (AR) process. For each unemployment rate series, the order of the AR process was identified by the Akaike Information Criterion and examination of the residual autocorrelation function to ensure that the estimated model's residuals appear to be white noise at conventional significance levels.
5 Gaussian innovations were used to ensure that the DGPs were "time reversible, which means that the statistical properties of the series going forward in time are identical to those in reverse time; see Ramsey and Rothman (1996) for discussion of the connection between time reversibility and business cycle symmetry.
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Two types of simulations were used to estimate the finite-sample p-values of the Markov chain tests. In one set there were no structural breaks in the DGP. In the second set a one-time structural break in both the conditional mean and variance was allowed. The structural break case was employed in light of much recent evidence, such as Stock and Watson (1996) , McConnell and Perez-Quiros (2000), and Sensier and van Dijk (2001) 
The Unfiltered Data
For each of the unemployment rate series, the augmented Dickey-Fuller test rejects the null hypothesis of an autoregressive unit root at conventional significance levels. This, along with the absence of any strong evidence of trend behavior in these series revealed by time series plots and t-statistics for the slope coefficients on estimated linear trend components, suggests it is sensible to proceed as if they are stationary.
The Markov chain test results for the unfiltered unemployment rate series are reported in Table 1 , and the associated estimated transition probabilities are presented in Table 2 .
Results for three likelihood ratio tests are given: (i) the test of the null hypothesis that the order of the Markov chain {I t } in equation (1) is one, against the alternative hypothesis that it is two (below this test is referred to as the "order test ); (ii) the first-order symmetry test
given by equation (6); and (iii) the second-order symmetry test given by equation (7).
Comparison of the asymptotic and estimated p-values suggests that reliance on the 8 The quarterly observations in this data set become available in the following months of each year: February, May, August, and November. More details can be found on the real-time data set link at the web site of the Federal Reserve Bank of Philadelphia.
9 It seems as if the main source of data revisions for unemployment rate data is recomputation of seasonal factors as additional data points become available. I thank Dean Croushore for helpful discussion on this.
asymptotic distribution can be quite misleading. For example, for the services sector unemployment rate the asymptotic p-value for the order test is 0.220, while the no structural break estimated p-value is 0.803. Indeed, for all series the asymptotic p-value for the order test is less than the corresponding estimated p-values, an outcome which is consistent Guthrie and Youssef's (1970) result that use of the asymptotic distribution for the order test often leads to overestimation of the order of the underlying Markov chain. In addition, in many cases there are large differences between the asymptotic and estimated p-values for the symmetry tests. For example, for the durable goods sector unemployment rate the asymptotic p-value for the first-order symmetry test is 0.195, while the no structural break estimated p-value is 0.003. Similarly, for the transportation, communication, and public utilities (TCPU) sector unemployment rate the asymptotic p-value for the second-order symmetry test is 0.093, while the no structural break estimated p-value is 0.709. Focusing on the estimated p-values, for six out of the thirteen series the first-order null hypothesis for {I t } is rejected at the 10% significance level in favor of the second-order alternative. This is a sharp contrast with the results of Rothman (1991) , who, relying on the asymptotic distribution, could reject the first-order null at this significance level for only two out of the nine unemployment rate series examined.
10 Most significantly, the first-order null hypothesis is very strongly rejected for both the aggregate and private non-agricultural sector unemployment rates; this is also true based on the asymptotic distribution of the 10 The four additional unemployment series studied in this paper, relative to Rothman (1991) , include the unemployment rates for the government sector, the services sector (which, in the earlier study, was included along with the finance, insurance, and real estate sectors), and the following two components of the manufacturing sector, the durable goods and the non-durable goods sectors.
likelihood ratio test. In Rothman (1991) the p-values for the order test for these two series were both above 10%, and this evidence in favor of a first-order specification played a crucial role in leading to that paper's conclusion that these unemployment rates display Neftci-type asymmetry.
For two of the seven series favoring the first-order specification, the unemployment rates for the manufacturing and durable goods sectors, the symmetry null hypothesis is very strongly rejected; this result for the manufacturing sector unemployment rate is consistent with Rothman (1991) . Also, the symmetry null is strongly rejected for the services sector, with an estimated p-value equal to 0.04, and with an estimated p-value of 0.111, there is moderate evidence against this null for the TCPU sector. Further, from Table 2 it is seen that the first-order estimated transition probabilities for each of these series are consistent with the asymmetry alternative hypothesis in (6), i.e., p 00 > p 11 .
Out of those series favoring the second-order specification, the symmetry null hypothesis is strongly rejected only for the government sector unemployment rate, with an estimated p-value of 0.03. For this series the second-order model estimated transition probabilities are consistent with the asymmetry alternative hypothesis in (7), i.e., p 000 > p 111 . With p-values ranging between 0.10 and 0.14, there is moderate evidence against the second-order symmetry null for three other series, the unemployment rates for the construction, non-durable goods, and trade sectors. The associated estimated transition probabilities for these series, however, are inconsistent with the type of steepness asymmetry expected from counter-cyclical series such as unemployment rates, i.e., p 000 > p 111 .
A Further Look at the Aggregate Unemployment Rate
As noted above, one of the main findings in Rothman (1991) was the result that, conditional on a first-order specification for the associated state-indicator sequence, the aggregate unemployment rate was asymmetric in the Neftci sense. Using approximately fifteen years worth of additional data, however, the results in Table 1 strongly favor a second-order spec-ification for this series and, conditional on this assumption, suggest the absence of steepness asymmetry.
Given the attention this time series has received in the literature, it is of interest to examine when this shift from first-order to second-order Markov chain dynamics apparently occurred. The time series plots in Figure 1 offer information on this. Using expanding windows of aggregate unemployment rate data, asymptotic and estimated p-values for the order test are presented; each p-value graphed is the p-value for the order test run on the window of data that starts in 1948:Q1 and ends in the date given on the horizontal axis. It is useful to keep in mind that each data window is formed using revised data available in the February 2003 vintage of the real-time data set for the aggregate unemployment rate.
For each expanding window ending in 1990:Q4 and later, the estimated p-value for the order test for this series is less than 0.05. Thus, this evidence solidly supports the secondorder over the first-order specification for each expanding window since the end of 1990.
Further, the evidence favoring the first-order specification has steadily weakened since the mid-1980s.
Given that the estimated p-values are generally larger than the asymptotic p-values for the order test for each expanding window, the results obtained using the asymptotic distribution of the likelihood ratio statistic also strongly favor the second-order over the first-order specification since the early 1990s. In addition, focus on the order test's asymptotic p-value for the 1948:Q1-1987:Q3 window suggests a possible error in Rothman (1991) . In particular, for this window the asymptotic p-value for the order test was computed to be 0.06 using the Figure 1 and Rothman's (1991) evidence in favor of a first-order specification for the aggregate unemployment rate is due to revisions the data have undergone over time. As such, in the spirit of Croushore and Stark's (2002) analysis, it appears that Rothman's (1991) order test result for the aggregate unemployment rate is not robust across data revisions.
In light of the apparent tendency of reliance on the order test's asymptotic distribution to lead to overestimation of the state-indicator's order, it is instructive to also consider the estimated p-values in Figure 2 . While the estimated p-values monotonically decrease as well across newer vintages of real-time data, in no case is the first-order null hypothesis rejected in favor of the second-order alternative hypothesis at the 10% significance level, suggesting that the first-order specification is reasonable for this sample period.
The Detrended Data
Standard diagnostic checks suggest that the unfiltered unemployment rate series studied in this paper are stationary. However, it is useful to examine the extent to which the results obtained are robust to commonly used detrending procedures, since the results discussed above could nonetheless reflect neglected nonstationarity. Details on this are presented in Table 3 , which lists estimated p-values for the Markov chain tests for three detrended variants of each unemployment series: (i) linear detrended data; (ii) band-pass (BP) filtered data generated with the Baxter and King (1999) procedure; and (iii) data detrended with the Hodrick and Prescott (HP; 1997) algorithm.
With a few exceptions, linear detrending yields results which strongly mirror those obtained with the unfiltered data. Once again, the state-indicator sequence for the aggregate unemployment rate series appears to be a symmetric second-order process, and for both the manufacturing sector unemployment rate and its durable goods component there is solid evidence in favor of asymmetric first-order dynamics. The main exceptions are as follows.
First, {I t } for the linear detrended government sector unemployment sector is arguably a first-order as opposed to a second-order process. With an estimated p-value of 0.09 for the first-order symmetry test, there is moderate evidence of asymmetry for this series. Next, the estimated p-value for the first-order symmetry test for the linear detrended services sector unemployment rate is an order of magnitude smaller relative to the unfiltered data case.
Finally, the evidence in favor of asymmetry via the second-order symmetry test for the linear detrended trade sector unemployment rate is considerably weaker in comparison to the result obtained with the unfiltered series; and the estimated second-order transition probabilities for this series, not reported here, are still inconsistent with counter-cyclical steepness asymmetry, i.e., p 000 > p 111 .
Moving to the BP-filtered results, the first-order symmetry test strongly indicates asymmetry for both the manufacturing sector and the durable goods sector unemployment rates.
Moreover, an important difference appears relative to the analysis of the unfiltered data. In particular, the BP-filtered aggregate and private non-agricultural sector unemployment rates generate strong evidence of first-order asymmetry, a pair of results which, along the outcome for the BP-filtered manufacturing sector unemployment rate, is very much consistent with Rothman's (1991) findings. Further, both the mining and trade sector unemployment rates appear to be strongly second-order asymmetric; but p 000 > p 111 for both of these series.
Finally, the HP-filtered results are strongly consistent with the BP-filtered results. More specifically, there is strong evidence in favor of first-order asymmetry for the aggregate and private non-agricultural, manufacturing, and durable goods sectors HP-filtered unemployment rates. For three of these four series, this evidence in favor of asymmetry is much stronger relative to the BP-filtered case, since the estimated p-values are an order of magnitude smaller for the first-order symmetry tests. Further, the BP-filtered symmetry test results for the aggregate unemployment rate as well as the private non-agricultural and manufacturing sector unemployment rates are also consistent with Rothman (1991) . For the HP-filtered trade sector unemployment rate, once again there is strong evidence in favor of second-order asymmetry opposite to that expected with steep Neftci-type asymmetry, since p 000 > p 111 .
Conclusions
One of the main findings of this paper is that the asymptotic distribution of the likelihood ratio test statistics can be quite unreliable in carrying out inference for the various Markov chain tests employed. With respect to the test of the null hypothesis that the order of the underlying state-indicator sequence is one, against the alternative that it is two, the Monte Carlo results suggest that use of the asymptotic distribution frequently is biased towards overrejection of the null. With respect to the first-order and second-order symmetry tests, asymptotic p-values often differ substantively from estimated p-values, sometimes with positive bias and sometimes with negative bias. Thus, in performing these tests it is recommended that, at a minimum, results obtained via the asymptotic distribution be supplemented with those generated by a simulation designed to estimate the finite-sample distribution of the test statistics.
With approximately 15 years worth of additional data, the extent to which the results match those in Rothman (1991) depends somewhat on whether the raw unfiltered data or a variant of detrended data are used. The strongest match with Rothman (1991) is via the manufacturing sector unemployment rate, which displays robust evidence in favor of first-order asymmetry for both the unfiltered data and all forms of detrended data.
The strongest change relative to Rothman (1991) is with the unfiltered aggregate unemployment rate. More specifically, using the unfiltered data the state-indicator sequence for the aggregate unemployment rate displays second-order symmetry. A shift away from first-order dynamics appears to have occurred in and remained in place since the early 1990s.
It is tempting to attribute this shift to the decrease employment share of the manufacturing sector over time; in 1987:Q3 this share was 17% and in 2002:Q4 it was 12%. However, this same period witnessed a significant increase in the employment share of the services sector, whose unfiltered unemployment rate displays strong first-order asymmetry; in 1987:Q3 the employment share of the services sector was 22% and in 2002:Q4 it was 30%. It would be interesting to explore the causes of this shift to second-order Markov chain dynamics for the aggregate unemployment rate in future work.
The BP-and HP-filtered results for the aggregate unemployment rate, however, suggest first-order asymmetry. These results, along with those for the private non-agricultural and manufacturing sector unemployment rates, are quite consistent with Rothman (1991) . In future work it would also be of interest to examine why application of these two detrending procedures produces, relative to the unfiltered case, such strong evidence in favor of firstorder asymmetry for the aggregate unemployment rate.
Finally, there is a sharp difference between the symmetry properties of the two components of the manufacturing sector unemployment rate. In particular, the durable goods sector unemployment rate is first-order asymmetric, while the non-durable goods sector unemployment rate is second-order symmetric. The far stronger evidence of asymmetry for the durable goods sector unemployment rate may be reflective of Davis and Haltiwanger's (2001) result that the asymmetric response, across manufacturing plants, of job destruction to oil price shocks is greater the more durable is the output good produced by the plant. Their result that, as the durability of the good increases, the plant-level employment response to monetary shocks increases sharply may also play a role in accounting for the different symmetry properties of the durable goods and nondurable goods sectoral unemployment rates. Notes: Given the state-indicator sequence {I t } in equation (1), the transition probabilities are defined as follows: p ij = Prob(I t = i | I t−1 = j) and p ijk = Prob(I t = i | I t−1 = j, I t−2 = k), where i = 1, 0, j = 1, 0, and k = 1, 0. See also the notes for Table 1 . Notes: The 'Linear Detrended Data' were obtained by using the residuals from a simple regression of the raw data on a constant and a linear time trend. By applying the band-pass filter of Baxter and King (1999) , the 'BP-Filtered Data' were computed. The 'HP-Filtered Data' were generated by subtracting off from the raw data the growth component estimated via the filtering algorithm of Hodrick and Prescott (1997) . All p-values were estimated by simulations which assumed no structural break. See also the notes to Table 1 . Details on the estimated transition probabilities in the first-order and second-order cases for these series are available from the author upon request. 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 
